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1. Introduction 
In the sampling of lots of Birdsfoot Trefoil seed for purity analysis in 
New York, one-half pound samples are drawn from the lot and submitted to the 
seed-testing laboratory for analysis. At the seed laboratory a two gram sub-
sample is drawn from the hal~-pound sample submitted. The seeds are then 
sorted and, among other things, percents by weight of pure seed, other crop 
seed, weed seed, and inert matter, are computed for the two gram subsample. 
Experimental errors present in the various sampling and laboratory techni-
ques have caused concern to the seedsmen as well as to the seed producers. In 
particular, this investigation was initiated because of such variation in 
sampling and analyzing Birdsfoot Trefoil seed to determine whether or not it 
meets the requirements for seed certification. 
The experiment was designed to study several instruments available for 
sampling bags of seed, two laboratory instruments used for subsampling, varia-
tion among sanples, and subsample sizes. 
2. Description of the Experiment 
Ten half-pound samples were drawn from a lot of 1730 pounds of Empire Birds-
.·-· " 
foot Trefoil seed at Alton L. Culver and Sons, Trumansburg, New York, with each 
of the following four probes: 
Probe 1: 6 inch V-type, ~~~ in diameter at open end with 2 i" long 
and h" to d" wide slot. 
6 h ln d th 15rr ;>; 11 Probe 2: inch straig t type, '4 in iameter wi it) x f6 slot. 
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Probe 3: 12 inch long straight type, ~" in diameter with jt" x ~" 
slot. 
Probe 4: 30 inch long sleeve-type probe with 9 equally spaced 
1 i" ~~ %" slots. 
Thus, in all, forty one-half-pound samples vrere drawn. 
At the seed laboratory each sample was subsampled four times (with replace-
ment), one 2-gram and one 5-gram subsample being taken with each of two sub-
sampling instruments, a Gamet divider and a Boerner mixer. Each subsample 
was analyzed and percents pure. seed, other crop seed, weed seed, and inert 
matter recorded. 
3. Results and Conclusions 
On the basis of this experiment we wish to select a probe, a subsample size, 
and a subsampling device for use in sampling Birdsfoot Trefoil seed for certi-
fication. In each case the statistical analysis is done separately for pure 
seed, other crop seed, and weed seedo 
Two factors are important in making a decision in each case -- bias and 
sample variation. To check for bias, tests of hypotheses about population means 
are made. If it can be concluded in each case that the population means are 
the same, that is, that the various sampling and subsampling devices result in 
estimates of the same population mean, it will be assumed that in all estimates 
the bias is negligible. (It is highly unlikely that all estimate the population 
mean with exactly the same amount of bias.) 
The null hypothesis that the four probes estimate the same population mean 
is tested by mean8 of an F-test in an analysis of variance on totals· over the 
four subsamples. The results are presented in Table l. 
Source 
Probes 
Error 
df 
3 
36 
Table 
Pure s.e.ed. 
HS F 
.3382 1.06 
.3136 
1 
Other crop vJeed seeds 
l'fJS F MS F 
.5560 2.42 .0353 <1 
.2293 .0634 
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3ince F •05 (3, 36 df )=2.36, ue conclude that at the 5~~ level of significance 
there is for each variable no evidence for rejecting the null hypothesis that 
the four probe means are the same. 
The null hypothesis that there are no differences among the subsample 
means is tested separately for each probe as follows. Since homogeneity of 
variance is not a reasonable assumption, analysis of variance is not appropriate. 
Hence, the non-parametric "Sign Test" is used (Reference 3, section 5.8). For 
each probe the ten samples are tested as replicates and the Sign Test is used 
en totals over subsam~le sizes to test for differences between dividers, on 
totals over dividers to test for differences between sizes and on differences 
between dividers for each subsample size to test for a size by divider inter-
action. The sample Chi-Square values (each with 1 df) are given in Table 2. 
Table 2 
Variable Probe Dividers Subsample Sizes Interaction 
1 1.60 .oo .oo 
Pure 2 .oo .40 .4o 
Seed 3 .40 .40 .4o 
4 .40 2~50 6.40 
Other 1 .40 .40 .4o 
Crop 2 .oo .40 .oo 
Seed 3 .40 .40 3.60 
4 .10 .4o 3.60 
1 6.40 .40 .4o 
H'eed 2 .40 1.60 1.60 
Seed I 3 6.40 1.60 .oo 4 .oo .40 .oo 
Since x~05 (1 df)=3.841, three of the sample X2 1s are significant at the 5% level. 
However, if the null hypothesis were true in all 36 cases, then on the average 
in .05(36)=1.80 cases the sample Chi-Square would exceed 3.841. A Chi-Square 
test may be used to determine whether the observed value of three significant 
Chi-Square is compatible with the expected number, 1.8, namely 
= 0.84 
< 3.841 • 
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It is not unreasonable to assume no differences among the rr..eans in all cases. 
Under these circumstances, probe, divider, and subsample size are selected 
on the basis of the sample variances: 
a) Selection of probe~ The four within probe variances are compared for 
each method of subsampling.· These variances and their rank in each case are 
given in Table 3· 
Table 3 
Gamet Divider Boerner Nixer 
I 
Variable Probe 2 gm 5sm 2 gm 5 gm Var • Rank Var. Rank Var., Rank Var. Rank 
1 • 0693 3 .. 0158 2 .1312 1 .0327 2 
Pure 2 .1048 1 .0366 1 .1041 2 .0367 1 
Seed 3 .. 0880 2 .0138 3 .0593 4 .0221 3 
4 c0399 4 .0113 4 .0854 3 .0190 4 
Other 1 .. 0560 3 .0094 4 .1321 1 .0312 2 
Crop 2 .0628 1 .0232 1 .0477 3 .0451 1 
Seed 3. .0605 2 .0190 2 o0395 4 .0113 4 
4 .o467 4 oOllO 3 .o64o 2 .0171 3 
1. 
.oo88 3 .oo67 2 .0146 3 .0056 2 
Weed 2. .0171 1 .0052 3 .0187 1 .0025 3 
Seed 3 ,0121 2 .0199 1 .0155 2 .oo8o 1 
4 .0058 4 .0024 4 .. oo88 4 .0011 4 
If the samples are assumed: .to be drawn from normal populations, the pro-
bability of correctly separating four populations into two groups, the first 
group consisting of that population with.the smallest variance, and the second, 
of the remaining three populations, is .6698 when each sample variance has 9 df 
and the variance in each population in the second group is twice that in the 
firsto(l) (Thus, if these assumptions are met, the probability that all of the 
above rankings are correct is small indeed, (.6698) 12, or approximately 1% if all 
groups are mutually independent.) 
The results in Table 2 do not give conclusive evidence that any one probe 
is better than the remaining three. (Furthermore, a comparison based on sub-
sample totals is even more inconclusive.) The average ranks for the four probes 
are, respectively, 2.3, 1.6, 2.5 and 3.6. On this basis one would select probe 
4. 
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The use of probe 4, hovrever, causes a good deal of inconvenience to the 
sampler. Because of the size and structure of this probe, each bag of seed 
"' being sampled must be opened and then resewn after sampling. Thus probe 4 
· · > r-~ • f•; .'; ,-. 
would be used only if it were quite clear that its use would result in a great 
increase in efficiency, i.e., in consistently much smaller variances. 
Under these circumstances it would be desirable to use instead probe 3, the 
next best. The data indicate that this probe is not much different from probe 4 
except on weed seeds. It is felt that the poor showing on weed seeds may be 
due to the particular type of weed seeds present in the lot, a type which are 
long, narrow seeds and knovm to occur frequently in cl~s. This would 
particularly affect the results in the case of the probe 3 because of the 
smaller size of the slot in this probe. Since the type of weed seeds present 
vrill vary from lot to lot, it is likely that in most cases in practice probe ~ 
should be better than these data would indicate. 
b) Subsample ~· It is clear from the results given in Table 3 that 
the variance among 5-gram subsamples within probes within dividers is consi-
stently much smaller than that among 2-gram subsamples. The efficiency of 
5-.~am subsamples relative to 2-gram subsamples is ·eofuputed as ~(~::: , and 
is theoretically eJ:pected to be 5/2 (there are 5/2 as many seeds in a 5-gram 
subs ample). Observed relative efficiencies, denoted E, are tabulated in 
Table 4, 
Table 4 
E= V 5 gram 
Variable Probe Gamet Boerner 
Percent 1 4.39 4.01 
Pure 2 2o86 2.84 
Seed 3 6.38 2a68 
4 3.53 4.49 
Percent 1 5.96 6.20 
Other 2 2.71 1.06 
Crop 3 3.18 3.50 
Seed 4 4,25 3.74 
Percent 1 1.31 2.61 
Heed 2 3.29 7.48 
Seed 3 Oo61 1.94 
4 2.42 8.00 
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The average of the twenty-four observed relative efficiencies is 3a73, consider-
ably larger than the expected 2.5~ 
A possible explanation for the greater than expected relative efficiency is 
that the dividers are physically incapable of randomly sorting out a subsample 
as small as 2 grams o This would imply that still greater gains may be expected 
by further increasing subsample sizes. Further experimentation along these lines 
may be warranted. In any case, it is apparent that the subsamples should be at 
least 5 grams o 
c) Comparison£! the subsampling devices. In Table 3, 24 variances are 
presented for each divider (2 subsample sizes x 4 probes x 3 variables). In 
15 of these 24 cases, the Gamet yields a smaller among subsamples variance than 
does the Boernero The Sign Test results in 
X~ df = 2{15-12}2 12 
= 1.5 
' 
which is not significant at the 5op level. There is no evidence to reject the 
hypothesis that the two dividers have the same among subsamples variance. 
d) ~ among samples variance component. In order to estimate the Among 
Samples component of variation, a "within and among samples" analysis of variance 
was computed for each probe and each variable. The break-down of degrees of 
freedom and mean square expectations in the analysis are as folloifs: 
Source 
Among Samples <s> 
Treatments 
Subs ample Sizes 
Dividers (D) 
GxD 
Treatments x Samples 
GxS 
DxS 
GxDxS 
Total 
df 
9 
3 
(G) 
27 
39 
1 
1 
1 
9 
9 
9 
E(MS) 
(52 
w 
a2+2a2 
w DS 
2 2 
CJw+aGDS 
J 
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where a! is the among subsamples within samples componen~ and a~ is the among 
samples component of variation. 
lfhile the possibility that there may be a treatment by samples interaction 
cannot be ignored, it seems reasonable to assume that there is no sample by 
subsample size interaction, so that 
E[MS(GxS)]=a!+O • 
In this case an estimate of the among samples variance component is in each 
instance 
The estimated among samples variance components in each case and the average 
of the four estimates for each variable are given in Table 5 .. 
Table 5 
Variable I Probe ""2 aw "'2 as 
1 .0434 .00153 
Percent 2 .0487 ~0288 
Pure 3 .0167 .00498 
Seed 4 .0357 .00808 
Average .. 0361 .0108 
Percent 1 .0472 
-.00357 
'Other 2 .,0416 .0123 
:Crop 3 .0128 .-00710 
Seed 4 .. 0397 .. _00653 
Average .. 0353 .o~~~9 
Percent 1 .oo48o .00348 
Weed 2 .00506 .00257 
Seed 3 a00325 .00506 
4 .,00277 .00075 
Average .00397 .. 00297 
For pure seed and other crop seed the average among samples component of 
:;· ~-
variation is considerably smaller than the average within samples component. In 
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the case of weed seeds the average among samples compoaent, while again smaller 
"' than the average ~~ is relatively larger. This may again be due to the parti-
cular type of weed· s'eeds in the lot. In general since the ~ are all small, it 
appears that for lot's of seed not less homogeneous than the lot used in this 
study, one-half pound samples are sufficiently large to assure a "representative" 
sample. 
4. Summary 
An experiment was conducted to study four probes used to sample bags of 
Birdsfoot Trefoil seed, t~o lab~ratory instruments used for subsampling, 
.. 
variation among samples, .a~d subsample sizes. Probes, subsampling devices, 
and subsample sizes are selected on the basis of the respective subsample 
variances. The experimental results and conclusions drawn were as follows: 
(1) On the ·basis of average ranks of the subsample variances· probe 4 
should be selected. It is noted, however, that probe 4 has certain undesirable 
operating characteristics and that. probe 3 is not worse than probe 4 except on 
weed seeds. Since the type of weed seed present will vary from lot to lot, it 
is concluded that one may very likely do equally as well using probe 3 as using 
probe 4. 
(2) The average efficiency of 5 gram relative to 2 gram subsamples was 
found to be 3.73, gonsiderably larger than the expected relative efficiency of 
2.5. This may be due to the fact that the subsampling instruments are physicalJy 
incapable of randomly sorting out a subsample as small as 2 grams. He con-
clude that subsamp),es should be of .at lea.st 5 grams • 
.. 
(3) No diffe~ence between the Gamet divider and the Boerner mixer was 
dectected. 
(4) The among samples variance components were found to be relatively 
small in most cases. It is concluded that for lots of seed such as this, one-
half pound samples are sufficiently large. 
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5. Some Suggestions for Future Research 
We present the following remarks and observations concerning a few of the 
problems left unanswered or only partially solved: 
(1) In selecting a probe, much larger sample sizes are desirable in order 
to increase to probability of a correct ranking. A larger experiment, possibly 
excluding probes 1 and/or 21 may be desirable. 
(2) The reason that the relative efficiency of the 5 gram to the 2 gram 
subsample was much greater than expected is unknown. Further work is needed to 
determine if still greater gains would be achieved using 6, 81 or even 10 gram 
subsamples. 
(3) Larger sample sizes could enable the experimenter to detect a dif-
ference between the Gamet and Boerner mixers, if a difference exists. 
(4) The conclusions above may or may not be applicable in general to 
Birdsfoot Trefoil seed. Other lots should be sampled. 
(5) The among samples component of variation should be estimated for a 
very large lot of seed. One-half pound samples may not be large enough for 
larger lots. 
(6) A study of the uniformity of lots in general is desirable. If the 
lots are always homogeneous, a one-half pound sample is more than large enough, 
regardless of the size of the lot. 
An experiment including lots of seed of known compostion and different 
methods of mixing seed (carried out jointly with a company such as Culver and 
Sons) would help to answer some of the questions suggested in (5) and (6). 
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